Aims: To find out a scientific validation for the traditional knowledge of tribals of Chittoor District, India for their usage of Caralluma umbellata Haw to cure stomach disorder and pain. Methodology: Antibacterial activity of Caralluma umbellata Haw was studied on a few Gram positive and Gram negative bacteria. The dry roots and stems were extracted using hexane, benzene, diethyl ether, chloroform, acetone and methanol and were tested for their antibacterial activity. Results: The root extracts were found to be effective against most of the organisms than the stem extracts. The extracts were highly effective against Bacillus subtillis, Bacillus cereus, Escherichia coli and Staphylococcus aureus. Chloroform extracts of both roots and stems exhibited good antibacterial activity against Gram positive and Gram negative bacteria except Pseudomonas aeruginosa.
INTRODUCTION

Plants as Sources of Medicine
Plants have been known for their healing potential from primordial times. Throughout the globe, the medicinal usage of plant products is passed from generation to generation and vivid folk systems of medicine have been developed. Microorganisms have developed resistance to many antibiotics as a result of indiscriminate use of antimicrobial drugs in the treatment of infectious diseases. Hence, in the present trend, awareness on traditional medicine is enhanced and natural bioactive molecules have been drawing much attention in order to develop alternate antibiotics from various natural resources including plants. The pharmacological activity of plants can be attributed to secondary metabolites produced by them [1] . According to World Health Organisation [2] , a medicinal plant is defined as any plant in which, one or more of its organs contain substances that can be used for therapeutic purposes or which are precursors for the synthesis of useful drugs. Since ancient times, herbal drugs have been used as medicines for the treatment of a range of diseases and many new drugs are provided by plants [3] . Different chemical compounds of plant origin demonstrate antibacterial activity, as they are capable of damage the bacterial cytoplasmic membrane [4] . As plants are rich sources of anti microbial agents, screening of local medicinal plants is required [5] .
Medicinal Usage of Asclepiadaceae Family
Several plants belonging to Asclepiadaceae family are claimed to be useful in specific disease conditions in folkloric medicine as well as in ancient system of medicine like Ayurveda and Unani, which can be attributed to the presence of various compounds like alkaloids, steroids and their glycosides, cardiac glycosides, flavonoids and their glycosides [6] . For centuries, in semi-arid areas of Pakistan and India, Caralluma species have been used as emergency foods [7] . The genus Caralluma belongs to the family Asclepiadaceae, which comprises 200 genera and 2500 species [8, 9] and is found in dry regions of the world [10] . The species of Caralluma found in India are edible and form a part of traditional medical system of country [11] . Caralluma is also regarded as the synonym of Boucerosia but it differs from Boucerosia by its habit of inflorescence primarily [12] . Caralluma has significant anti inflammatory and antitumor activity [10] , anticancer, cytoprotective and antiulcer activity [13] , antinociceptive [14] , antioxidant, hypolipidemic [15] , antihyperglycemic [16] , treating paralysis and joint pains and antipyretic [17] properties. The presence of pregnane glycosides [14] , stogmasterol and other further constituents [18] in caralluma species explains a range of biological activities including antimicrobial.
Sources and Uses of Caralluma umbellata Haw
Caralluma umbellata Haw grows wild in dry and arid regions of Chittoor District and several Districts of Andhra Pradesh, in India. It is a thick, erect, leafless, branching, and succulent a perennial herb [19] . It is medicinally important and rich in pregnane glycosides, which may possess different biological activities [20] including anti-inflammatory activity [19, 21] . A significant analgesic was exhibited by Carumbelloside-I, isolated from C. umbellata [22] . Previously, the tribal people of Chittoor District, Andhra Pradesh, India used Caralluma umbellata Haw stem juice warmed and mixed with turmeric powder for alleviation of stomach disorder and abdominal pains [23] [24] [25] .
However to the knowledge of authors a little is known about antibacterial activity of Caralluma umbellata extracts. Hence, in the present investigation, an effort is made to identify the antibacterial activities of extracts using spectrum of solvents with varying polarities (chloroform, benzene, acetone, methanol, hexane, diethyl ether) against three each Gram positive and Gram negative bacteria. The results are reported in this paper along with assigning the reasons there off.
MATERIALS AND METHODS
All chemicals used in this study are Analytical Reagent grade of Merck India Co. Ltd., and purified according to the standard procedures [26] . Bacteria of the present study were provided by Institute of Microbial Technology (IMTECH), Chandigarh.
Preparation of Extract
Fresh whole plants of Caralluma umbellata (Asclepiadaceae) were collected from Tirumala Hills, Tirupati, Chittoor District, Andhra Pradesh, India in December 2010. Dr K. Madhava Chetty (Department of Botany, Sri Venkateswara University, Tirupati, India) identified and voucher specimen of the plant was deposited in Herbarium, Department of Botany, Sri Venkateswara University. Separately, the roots and stems were dried under shade, powdered and sieved through sieve No.14 and stored in air tight containers. The weighed quantity (200g) of dried powdered was subjected to successive solvent extraction method by using Hexane, Diethyl ether, Benzene, Chloroform, Acetone, Methanol in soxhlet extractor. All the extracts were concentrated and last trace of solvent was removed by applying vacuum [27, 28] 
Screening of Antibacterial Activity
The anti bacterial screening was evaluated for the root and stem extracts of the Caralluma umbellata by agar disc diffusion method [29] . All the extracts at the concentration of 750 µg/ml and 1,000 µg/ml were tested against Gram (+) bacteria such as Bacillus subtilis (MTCC 441), Staphylococcus aureus (MTCC 96) and Bacillus cereus (MTCC 430) and Gram (-) bacteria such as Escherichia coli (MTCC 40), Pseudomonas aeruginosa (MTCC 424) and Proteus vulgaris (M1CC 142). The molten nutrient agar was inoculated with 100 μl of the inoculum (1 x 10 8 cfu/ml) and poured into the Petri plate, the disc (0.7cm) (Hi-Media), was saturated with 100 μl of the test compound, allowed to dry and was introduced on the upper layer of the seeded agar plate. The plates were incubated over 37ºC and microbial growth was determined by measuring the diameter of zone of inhibition after 24 h pure solvents were used as control and inhibitory zones were almost negligible compared to the inhibition zones of the samples. Chloramphenicol was used as standard drug for the purpose of comparison of antibacterial activities of C. umbellata extracts. The antibacterial activities were carried out in triplicate and average values were compiled in Tables 1 and 2 and shown in Figs. 1 to 4. 
RESULTS
All the extracts obtained from both root and stem by successive solvent extraction method were studied for their antimicrobial activity against Gram positive (B. subtilis, S. aureus, B. cereus) and Gram negative (E. coli, P. aeruginosa, P. vulgaris) bacteria in two different concentrations (750 and 1000 g/ml) ( Tables 1 and 2 ). Chloroform extracts of both root and stem were ineffective against P. aeruginosa, whereas, against other tested bacteria, root extracts made in chloroform were found to be effective compared to those of stem extracts. Extracts of diethyl ether, benzene, chloroform and acetone from both root and stem were found to be effective against the tested three Gram positive bacteria (B. subtilis, S. aureus, B. cereus) and out of the six solvents used for extraction, Chloroform extract showed the highest activity. The order of extract activity for the solvents was Chloroform > Benzene > Acetone > Diethyl Ether. In the case of Gram negative bacteria, only chloroform extracts of root and stem were active against E. coli and P. vulgaris, and inactive against P. aeruginosa. Hexane and methanol extracts were inactive against the tested both Gram positive and negative bacteria. The orders of sensitivity of the tested bacteria against C. umbellata extracts obtained from root and stem using different solvents were given in Table- 3.
The plant extracts gave red color in Libermann-Burchard test [30] and gave violet color in Molisch test but no response to Shinoda test [31] , indicating the presence of steroidal glycosides. 
DISCUSSION
In addition to undesirable side effects of some of antibiotics [32] , there has been increasing incidence of multiple resistances to synthetic antibiotics in human pathogenic microorganisms [33] and hence, researchers are concentrating on the use of plant based drugs in management and treatment of microbial diseases [34] . As folk medicinal usage of Caralluma umbellata Haw extract is an indicative of the exhibition antibiotic nature of extracts, it was expected that C. umbellata would show activity against pathogenic bacteria. In the present investigation, the crude extracts of roots and stem of C. umbellata were screened for better management of microbial infections and multiple resistances in bacteria.
Differential Antibacterial Activity of Extracts
Chloroform extracts of both root and stem were found to be active against all the bacteria tested except P. aeruginosa. The biological activity of extracts depends on chemical composition or active constituents of the plants which in turn depends on season [35] , geographical location [36] and time of collection of plant sample [37] . Different solvents have been reported to have the capacity to extract different phytoconstituents depending on their solubility or polarity in the solvent [38] which explains the variation in the antimicrobial activities of extracts using different solvents [39] [40] [41] . [49] . B. cereus is involved in food borne poisoning and cause diarrhoea through production of enterotoxins in the intestine by ingested bacterial cells [50] . E. coli causes diarrhoea, traveller's tummy (which include abdominal pain and diarrhoea) and inflammation of the urinary bladder [51] . The current results disclose the usage of C. umbellata juice by tribal's for mitigation of stomach disorder and abdominal pains. This conclusion can be further supported by the reports of Kulkarni Aditi et al. [52] , who proved that inhibitions shown by n-butanol extract of Caralluma adscendends against E. coli and S. aureus is the basis of its antidiarrhoeal potentiality.
Phytochemicals of Caralluma Umbellata and their Pharmacological Activities
The observed medicinal properties of Caralluma umbellata can be attributed to glycosides contained therein. The glycosides contained in Caralluma belong to pregnane group of glycosides. The key phytochemical ingredients of Caralluma umbellata are steroidal glycosides viz, Carumbelloside I and II [42] , Carumbelloside III-V [9] (Figs. 5 and 6 ). In addition, recently, Suresh Babu et al. [47] reported a pregnane steroid with formyl group (Fig.7. ) from the stems of Caralluma umbellata. Researchers show a great interest in Caralluma as it exhibits an array of immunostimulating activities due to predominant presence of saponins and flavonoids [53] . Plant metabolites like steroids, steroidal alkaloids and triterpenoids glycosylated with one or more sugar chains come under the category of saponins [54] . Literature survey shows that in Ayurvedic medicine the major bioactive compounds are saponins, flavonoids and polyphenols [55] . Saponins have hemolytic activities. Previous studies on important medical plants reveal that saponins have potential anti-inflammatory [56] and antimicrobial activity [57] , in particularly antibacterial activity [58, 59] . The defense mechanism of plants can be explained on the basis of release of strong antibiotic compounds by the hydrolysis of saponins, when pathogens attack a plant [60, 61] . The anti-microbial activities of even other species of Caralluma were attributed to the presence of tannins, flavonoids and sterols [62] as the aqueous extracts of Caralluma adscendens were effective against S. typhi, E. coli and Pseudomonas aeruginosa [63] , whereas, petroleum ether extract was effective against S. aureus and E. coli [52] . In the current study, the presence of saponins in C. umbellata explains the antimicrobial activity in terms of specific interaction of saponins with the cell membrane leading to changes in cell permeability [64] . This is further supported by the fact that saponins are resposible for antimicrobial nature of extracts of different medicinally important plants [57] . Moreover, a stronger hemolytic property can be expected due to the presence of sugar in saponin molecule [65] . 
Antibacterial Nature of Steroidal Glycosides
Sterols are a subgroup of the steroids and also known as steroid alcohols. Sterols form complexes with primarily phospholipids of the membrane and hence sterols are incorporated into biological membrane. Variation of epimers reactivities of sterols can be explained based on the different conformations of the 3-hydroxyl group. Due to low shielding of equatorial 3-hydroxyl groups compared to axial groups, esters of equatorial hydroxyl groups are readily hydrolysed and hence high reactivity in certain cases is observed. Stable complexes are formed by epimers having equatorial hydroxyl groups as they are readily sorbed on many carriers [66, 67] due to hydrogen bonding [68] .
Antibacterial Nature of Flavonoids and Flavone Glycosides
Phenols and their derivatives are some of the well-known aromatic compounds that are synthesized by most of the traditional medicinal plants [69] . In the present study, the antibacterial activity can be explained in terms of presence of active components in C. umbellata extracts. Literature survey shows that the main constituents of medicinal plants, such as saponins, flavonoids, and polyphenols are known to be major bioactive compounds in Ayurvedic medicine [55] . Flavonoids, flavones and flavonols are known to be synthesized by plants in response to microbial infection [70] and hence, it is expected that the produced components exhibit antimicrobial activity against a spectrum of microorganisms [70] . Flavonoids are phenolic compounds consisting one carbonyl group. Irreversible complexes are formed between phenolic compounds and extracellular/soluble proteins [71] . Such complexation inhibits the protein synthesis in bacteria cells [72] and hence exhibit antibacterial activity [3, 73] . Moreover, microbial membranes may be disrupted by lipophilic flavonoids [74] . In addition, a flavonoid without hydroxyl group (on b-ring) targets the membrane having hydroxyl groups [75] . The relative toxicity of flavonoids towards microorganisms depends on the site(s) as well as number of hydroxyl groups on the molecule. The increased hydroxylation results in increased toxicity [69] . At physiological pH, in aqueous solutions certain flavonoids produce hydrogen peroxide via a superoxide intermediate [76, 77] .
The presence of a known flavone glycoside (Luteoline-4-O-neohesperiodoside) in C. umbellata (Fig. 8) explains [43] the both results of present study (1) effective antibacterial activity against diarrhoea causing bacteria (viz., S. aureus, B. cereus and E. coli) and (2) good and poor antibacterial activities against Gram positive and Gram negative bacteria respectively. Flavonoids presence imparts antibacterial activity to the plant extracts [3, 73] . The exhibition of antibacterial activity by flavonoids can be explained on the basis of complex formation between the carbonyl group of flavonoid and extracellular and soluble protein [71] . In particular, (+)-catechin, the monomeric flavan sub-unit links with the lipopolysaccharide existing on the bacterial cell surface [78] and such polyphenols of plant origin exhibit vivid biological activities including anti bacterial and anti inflammatory [79] .
Fig. 8. Flavone glycoside (Luteoline-4-O-neohesperiodoside)
Flavone glycoside contribution to antibacterial activity in the present study is akin to the earlier reports suggesting that tea flavonoids exhibit remarkable activity against food-borne pathogenic Gram positive bacteria in comparison with Gram-negative bacteria [80, 81] . Glycosylated flavonoids interfere with the polyphenols, thus playing a vital role in enzyme inhibition and protein precipitation of microorganisms [82, 83] . A majority of phosphor kinases are inhibited by flavonoids and interaction with ATP binding site explains the inhibition of ATP [84] . The preferable activity shown against Gram positive bacteria by C. umbellata extracts might be due to selective inhibition of topoisomerases by glycosylated flavonoids which results in hampering of replication and transcription mechanics [85] .
E.coli causes inflammation of the urinary bladder [51] . Excellent antimicrobial activity against E.coli by the chloroform extracts of C. umbellata as noticed in the present investigation helps to envisage its potent nature to treat the inflammation of the urinary bladder due to the presence of flavone glycoside in C. umbellata [43] , as potent antiinflammatory activity by flavones glycoside was reported by Ramesh et al. [6] .
Differential Antimicrobial Activity against Gram (+) and Gram (-) Bateria
One more observation in the present study is the exhibition of good activity against all the studied Gram positive bacteria and very poor activity against Gram negative bacteria (except E. coli) by the extracts of C. umbellata, which can be explained in terms of specificity of saponins towards Gram positive bacteria. (2) good and poor antibacterial activities against Gram positive and Gram negative bacteria respectively. Flavonoids presence imparts antibacterial activity to the plant extracts [3, 73] . The exhibition of antibacterial activity by flavonoids can be explained on the basis of complex formation between the carbonyl group of flavonoid and extracellular and soluble protein [71] . In particular, (+)-catechin, the monomeric flavan sub-unit links with the lipopolysaccharide existing on the bacterial cell surface [78] and such polyphenols of plant origin exhibit vivid biological activities including anti bacterial and anti inflammatory [79] .
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Differential Antimicrobial Activity against Gram (+) and Gram (-) Bateria
One more observation in the present study is the exhibition of good activity against all the studied Gram positive bacteria and very poor activity against Gram negative bacteria (except E. coli) by the extracts of C. umbellata, which can be explained in terms of specificity of saponins towards Gram positive bacteria. Tava and Avato [65] 
CONCLUSION
The demonstration of antibacterial activity of C. umbellata against Gram positive (B. subtilis, and B. cereus) and Gram negative bacteria (E. coli) provides the scientific basis for its use in the traditional treatment of stomach disorder. Further studies are required to establish the exact mechanism of antibacterial activity of phytochemicals extracted from C. umbellata so that better and safer chemotherapeutic agents can be developed from this plant.
